A new process to achieve a flat fine conductor pattern on LTCC green sheets is proposed in this paper. Conventionally, the screen printing method has mainly been used to form the conductor pattern on LTCC green sheets. However, it has become difficult to achieve further miniaturization using this method. In the method proposed here, photo resist film on PET is exposed to form arbitrarily designed patterns as the first step. Next, the conductor pattern is formed by filling the resist grooves with conductor paste. The resist is dissolved, and the specimen is then coated with LTCC slurry.
Introduction
Ceramic green sheets are frequently used in multilayer module substrates, and further miniaturization of these modules is required to satisfy the strong consumer demand for smaller electronic equipment. Fine patterning of the conductor and formation of a small through-hole are key technologies in the miniaturization of the modules.
The screen printing method is the primary conventional method for forming conductor patterns on LTCC green sheets. Through-holes are usually formed by the laser punching method. The lines and spaces of the conductor pattern formed by the screen printing method are about 60 μm in mass-production and 30 μm in the development phase. Using the laser punching method, 30 μm is the smallest through-hole diameter that can be achieved.
Further miniaturization will be rather difficult using these conventional screen printing and laser punching methods. It is quite difficult to form an accurate, fine conductor pattern with screen printing because the transferred pattern deforms due to surface tension. It also is quite difficult to build a multilayer substrate with a large number of sheets because the conductor pattern becomes a bump on the flat LTCC green sheet.
With the laser punching method, the cross-section shape of the through-hole is tapered, due to dissipation of the laser beam. The laser beam also can cause damage to the PET film, such as melting or burring. As a result, the ejection deposits around the hole. In these respects, to achieve further miniaturization becomes difficult.
In this paper, then, we propose a new method using photo resist film as a technology to replace both the screen printing method and the laser punching method. [1] [2] [3] [4] [5] [6] [7] 
Concept of Flat Fine Conductor and ThroughHole Formation Method Using Photo Resist Film
The method for forming the flat pattern consists of the following procedures. First, an arbitrary wiring pattern is formed on the photo resist film by photographic exposure and development. Second, a doctor blade is used to fill the groove pattern on the resist film with conductive paste.
Third, the resist film is dissolved to obtain the conductor patterning on the PET film, and finally the pattern is coated by the LTCC of the insulator using the doctor blade again.
Through these procedures, a flat fine conductor pattern is formed on the LTCC green sheet. The procedure for forming through-holes is as follows.
First, the sacrifice pattern is formed on the photo resist film by photographic exposure and development. Second, the LTCC slurry fills the area around the resist pattern using the doctor blade coating method. Third, after drying, the sacrifice pattern is dissolved with TMAH (tetramethylammonium hydroxide) solvent. Finally the through-holes are formed in the LTCC green sheet. Figure 2 shows a schematic of the method. Note that it is quite easy to form an arbitrary shape for the through-hole because the shapes are determined by the mask pattern used to form the sacrifice pattern.
Experimental Procedure
The thickness of the resist film used for the flat pattern process was 10 μm. The photo resist film was attached to the PET film. The film was exposed to form the estimation pattern that was described as 10 μm to 200 μm. rinsed in water to remove residual material. In the second step, conductive paste was used to fill the groove pattern using a doctor blade system. At that time, the gap between the blade and the surface of the film was adjusted to zero.
Then the conduction pattern was filled with the conductive paste. The silver particle diameter of the conductive paste used in this study was about 1 μm. The binder of the conductive paste was ethyl cellulose (EC).
The speed of the doctor blade was set to 10 mm/s, which is slow enough to ensure complete filling. After filling, the specimen was kept at room temperature for 24 hours, and then was dried at 100°C for 24 hours to remove all moisture. Next, a tetra ethyl ammonium hydroxide (TMAH) solution was used to dissolve the resist pattern.
The temperature of the TMAH solvent was 55°C. In the third step, the area around the conductor pattern was filled by the LTCC slurry using the doctor blade.
The LTCC particles contained alumina and glass powder. The composition weight ratio of the LTCC slurry was 100 of glass/alumina fine particles, 6 of binder, 2 of dispersing agent, 4.6 of plasticizer, 25 of toluene, 25 of xylene, and 25 of isopropyl alcohol. The binder was polyvinyl butyral (PVB). All materials except the binder were mixed in a ball-mill for 3 hours. After that, the binder was added hours.
The doctor blade was used to apply the LTCC slurry. At this time, the gap between the blade and the conductor pattern was adjusted to 300 μm. After filling, the specimen was kept at room temperature for 24 hours, and then dried at 100°C for 3 hours. The flat fine conductor pattern was finally formed on the LTCC green sheet.
The thickness of the resist film used to form the throughhole was 15 μm. In the first step, the photo resist film on PET film was exposed to form the sacrifice pattern and developed in the same was as the flat pattern. Next, the LTCC slurry was coated around the resulting pattern using the doctor blade. Then, the gap between the blade and the sacrifice pattern was adjusted to zero. The speed of the doctor blade was set to 10 mm/s to ensure complete filling.
The LTCC slurry also contained the same material when the flat conductor pattern was formed. However, the composition weight ratio was different from that of the flat pattern. The composition weight ratio in this instance was 100 of glass/alumina fine particles, 5 of binder, 2 of dispersing agent, 4.6 of plasticizer, 25 of toluene, 25 of xylene, and 25 of isopropyl alcohol.
After filling, the specimen was kept at room temperature for 24 hours, and then dried at 105°C for 24 hours to remove all moisture. Then the specimen was soaked in TMAH solvent to dissolve the sacrifice pattern. The temperature of the TMAH solvent was 55°C. The specimen was rinsed in water and then dried at room temperature.
Finally, the through-holes were formed.
Technical Data of Viscosity of Conductive Paste and LTCC Slurry
In this study we formed the conductor pattern using a doctor blade. The operation of filling with conductive paste using the doctor blade is similar to the same operation with a squeegee in the screen printing method. Therefore, we selected a conductive paste that contained ethyl cellulose as binder, because the ethyl cellulose has been used in the screen printing method and also shows high thixotropic property. Since a doctor blade was used to fill the groove pattern with conductive paste, the conductive paste was subjected to the shearing strength of the blade. Therefore, we had to consider the thixotropy of the conductive paste in this study, adjusting it to low-viscosity in order to fill in the groove pattern sufficiently. The dependence of the conductive paste's viscosity on the rotational speed of the rotor used in this study is shown in Fig. 3 .
In addition, two kinds of slurries that differed only in the composition weight ratio of the binder were formed, in order to consideration the viscosity of the conductive paste and LTCC slurry. The dependence of the viscosity of the LTCC slurry on the rotational speed of the rotor used in the study is shown in Fig. 4 . Having 6 wt% or 7 wt% of binder in the composition weight ratio did not affect the contact of the conductive paste and LTCC slurry.
Result and Discussion
SEM observations of the LTCC green sheet are shown in Figs. 5 and 6. Figure 5 shows the front surface of the fine conductor pattern on the LTCC green sheet; Fig. 6 shows a cross-section of the pattern on the sheet. In Fig.   5 , we can observe the fine conductor pattern with lines and spaces of 20 μm. The LTCC slurry is coated around this pattern.
With the conventional screen printing method the lines and spaces of the conductor pattern were formed at about 30 μm. Clearly, then, the pattern formed using the new method is narrower than that obtained with the screen printing method.
In Fig. 6 , it can be seen that the LTCC slurry is filled around the conductor pattern, and also that the fine con- 2008 ductor pattern formed on the LTCC green sheet by using photo resist film is flat. Note that the cross-section of the formed conductor pattern is almost, but not completely, rectangular. A schematic of the formation mechanism is shown in Fig. 7 . The dried conductive paste adhered to the resist film firmly. And then the resist film brought the part of the conductive paste. The dissolved photo resist film was observed by an optical microscope. The specimen, which has a fine conductor pattern of 20 μm lines and spaces, is shown in Fig. 8 . In Fig. 8 , we can see that some conductive paste remained along the slit of the dissolved photo resist film.
It is also observed in Fig. 6 that the interface of the conductor and the insulator lost the flatness, this deformation occurred during the sample preparation process for the observation. The LTCC green sheet was buried in resin and polished. The polished treatment made the conductor extend over the insulator. Therefore, it is thought that deformation occurred during the polishing process.
In this method the narrowest pattern width was 20 μm.
The reason is following. The first reason is that the limit of the resist film resolution was 10 μm in the line and space.
The second reason is following. As the aspect ratio of the groove pattern rises, the groove pattern becomes finer, and power from the side wall becomes stronger than the adhesion force of the bottom. Consequently, it is difficult to support on the base PET film and then the pattern is lost during the filling process. This indicates that using thinner 
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photo resist film will help to prevent this problem. We also believe the phenomenon could be improved by using high detachability photo resist film.
As our best result, a through-hole with a diameter of 20 μm was obtained. The SEM image of the through-hole is shown in Fig. 9 . In Fig. 9 , note that there was no residue inside the through-holes. In addition, we do not see the extremely tapered structure produced by the laser punching method. It is very clear that there is no damage on the PET film, and that the use of this method is very effective.
Moreover, we could form arbitrarily shaped through-holes, particularly rectangles, using the same method. Observa- In this method, the developed resist pattern in smallest diameter was 20 μm. The reason is same as the case of the flat patterning. They are the limit of the resolution of the photo resist film and the lost of the sacrifice pattern. Again we expect that using thinner photo resist film will improve this phenomenon, as will the use of film that has a high attachment to PET film.
Conclusions
By using photo resist film, we were able to form a flat fine conductor pattern on a LTCC green sheet. The finest lines and spaces obtained by this new method were 20 μm, and the formed cross-section shape was almost rectangular. Unlike the screen printing method, this new method using photo resist film can prevent deformation of the cross-section shape and flat surface. We also formed through-holes, using the same methodology. The throughholes were formed by filling in the LTCC slurry around the resist pattern. The extreme tapering or damage to the PET film often seen with the laser punching method was not observed with the new method. The smallest diameter of the through-holes formed with this method was 20 μm. 
